Objectives-To determine the impact of admission among TIA patients in the Emergency Department (ED).
Introduction
Persons who experience a transient ischemic attack (TIA) have a 90-day risk of stroke as high as 15%, about twice as much as persons with a recent stroke. 1 Prompt management of stroke risk factors can reduce the risk of future atherosclerotic events. 2 Two European randomized controlled trials of outpatient interventions showed that TIA can be managed as an outpatient. 3, 4 Several United States studies have shown that the use of emergency department protocols for TIA expedites a diagnostic workup, 5 while decreasing costs due to a shorter length of hospital stay. 56 On the other hand, in-hospital initiation of secondary prevention has been associated with high rates of medication adherence and better vascular outcomes. 7, 8 The American Heart Association guideline on TIA states that "it is reasonable to hospitalize patients with TIA if they present within 72 hours" if the predicted risk of stroke is high or an outpatient work-up cannot be completed within 2 days; however, this statement has a "C" level of evidence. 2 Surveys of emergency department utilization [9] [10] [11] [12] or administrative data 13 have identified predictors of admission for patients presenting with TIA to the emergency department. However, these data sources typically do not contain information on what happens to patients after admission or disposition. The objective of this study was to examine the impact of admission on the certainty of TIA diagnosis as well as health care utilization and outcomes among patients assigned a diagnosis of TIA in the emergency department.
Methods

Study setting and population
The Veterans Health Administration (VHA) is the largest integrated healthcare system in the United States. The VHA databases contain data in the inpatient, outpatient, and emergency department settings, so it does contain information about patients who either stayed overnight or were discharged from the emergency department. Of note, there was not a national VHA policy guiding whether patients presenting with TIA should be admitted.
The main variable of interest was whether the patient stayed overnight in the hospitaleither admitted to the hospital or placed in observation -or was discharged from the emergency department. Since the vast majority of patients who stayed overnight were admitted instead of placed in observation, we labeled the group that stayed overnight as being admitted. We included all admissions that occurred within the second day after presentation because patients could remain in the emergency department for a prolonged period if there were no available hospital beds. For each patient in the sample, we obtained demographic characteristics of age and sex. We also searched for the following diagnosis codes of atherosclerotic risk factors assigned in the year prior to TIA presentation: hypertension, diabetes, atrial fibrillation, history of prior stroke, TIA, or myocardial infarction. If the patient was admitted, we also obtained the diagnosis code assigned at hospital discharge.
Next, we identified the diagnostic work-up each patient received during a 90 day time window: 60 days prior to presentation of the index TIA to 30 days after presentation of the index TIA. Neuroimaging of the brain included either computerized tomography (CT) of the head or magnetic resonance imaging (MRI) of the brain. Internal carotid artery imaging included carotid ultrasound, magnetic resonance angiography (MRA) of the neck, computerized tomography angiography (CTA), or catheter-based angiography. Cardiac tests consisted of transthoracic echocardiography (TTE) or transesophageal echocardiography (TEE).
Finally, we obtained the occurrence of a composite outcome of a new stroke, new myocardial infarction, or death within the year after presentation of TIA. This composite outcome is used in landmark secondary stroke prevention studies, 15, 16 and we used similar outcomes to ensure comparability. Stroke and myocardial infarction were ascertained through primary diagnosis codes assigned during VHA emergency department visits or hospitalizations, excluding those identified during the index presentation of TIA. 17 Mortality was ascertained using the Vital Status Files (VSF), which identifies deaths from a variety of VHA and non-VHA sources. Previous reports indicate that the VSF is relatively complete and accurate when compared with information contained in the National Death Index (NDI), the typical "gold standard" for death ascertainment; more than 98.3% of deaths in the VSF have been confirmed with deaths in the NDI. 18, 19 The VSF does not contain cause of death, but studies have shown that death certificates are also not accurate. 20 To validate the information obtained from the national VHA administrative databases, we performed a chart review of patients in our sample who presented with TIA at three of the 131 VAMCs. The chart abstractors reviewed the medical chart for the same information queried in the national VHA administration databases without knowing the results of those queries. The research team compared the data obtained in medical chart review against data obtained from the national databases. When a discrepancy was observed, the research team re-reviewed the medical chart to determine whether there was an error in the chart abstraction or whether the administrative database query should be revised. For example, the administrative databases could not identify whether hospitalized patients were assigned a bed with continuous cardiac rhythm monitoring (e.g., telemetry) as identified through chart review, so that variable was dropped. There was a high level of agreement; using the administrative databases, we were able to identify 95% of the diagnostic tests abstracted during chart review. We also determined that when the diagnosis of TIA was assigned in the ambulatory (non-emergency department) clinic, it almost always referred to a prior event instead of a new event. In addition, we determined that when patients were discharged with a diagnosis of stroke after being admitted from the index presentation, this meant that the original TIA event was re-diagnosed as a stroke after brain neuroimaging, and that a new stroke did not occur during the hospital stay.
Among all patients who were assigned a diagnosis of TIA in the emergency department, we calculated the proportion of patients who were not admitted (group 1) and who were admitted (group 2a). Among the patients admitted, we calculated the subset who were subsequently discharged from the hospital with a diagnosis of stroke or TIA (group 2b) and from that group, a further subset who were discharged with a diagnosis of TIA (group 2c).
We then calculated the median proportion of patients who were admitted at the hospital level. To limit the impact of hospitals who manage only a small number of patients with TIA, we also calculated the median proportion of patients who were admitted among hospitals where more than 10 patients were assigned with a diagnosis of TIA in the emergency department in that year.
The main analyses compared the groups admitted versus not admitted (Group 1 versus Group 2a). Chi-square or student t-tests were used to compare the two groups in terms of demographic and clinical characteristics, receipt of brain imaging and cardiac imaging, and in subsequent healthcare utilization. Finally, we compared whether the two groups differed in the occurrence of the composite outcome at one year after presentation of TIA in bivariate and multivariate analyses that adjusted for the presence of atherosclerotic risk factors. Because the decision to admit patients is not made at random, we analyzed predictors of admission, then performed matching by propensity scores, which described the likelihood that a patient was admitted, whether or not they were actually admitted. We derived propensity scores by building a logistic regression model using admission as the outcome variable, where the covariates consisted of stroke risk factors: age, sex, hypertension, hypercholesterolemia, diabetes, and history of stroke or TIA. For every patient in the sample who was not admitted, we matched the nearest neighbor in the admitted group by propensity score within one standard deviation of the probability estimate. Patients in the admitted group could only be matched with one patient in the non-admitted group; in other words, matching was performed without replacement. Matched analyses were performed on the paired patients.
We conducted multiple sensitivity analyses. In the first sensitivity analysis, we restricted the admitted group to only patients with a discharge diagnosis of TIA or stroke (group 2b). In the second sensitivity analysis, we further restricted the admitted group to only patients with a discharge diagnosis of TIA (group 2c). We re-ran all models using the outcome of stroke instead of a composite outcome of stroke, myocardial infarction, and death, and we re-ran models using a 30 or 90-day outcome instead of a one-year outcome. We re-ran all propensity score matching using the different samples of the admitted group and the different outcome of stroke. Institutional Review Board approval was obtained at the VAMCs affiliated with the authors. All analyses were performed using SAS 9.1 (Cary, NC).
Results
The analytic sample consisted of 3623 Veterans presenting to an emergency department with TIA in fiscal year 2008. Among these TIA patients, 2005 were admitted to the hospital and 113 placed in the observation unit within the second day after presentation, so there were 2118 (58% of sample, group 2a) who stayed overnight in the hospital and 1505 (42% of sample) who were discharged from the emergency department (Figure 1) . Among the 2118 patients who stayed overnight, 903 (43% of admitted group, group 2c) were discharged with a diagnosis of TIA, and 548 (26% of admitted group) were discharged with a diagnosis of stroke. Of the remaining 667 patients (31% of admitted group), the five most frequent discharge diagnoses were skin sensation disturbance (46, 2%), syncope (45, 2%), migraine (21, 1%), hypertension (20, 1%), and speech disturbance (17, 1%, Table 1 ).
Among the 131 VHA hospitals, there were 9 hospitals without any patients assigned a diagnosis of TIA in the emergency department. Figure  2 ).
Compared to patients who were not admitted, patients who were admitted were more likely to have stroke risk factors including: older age, male gender, atrial fibrillation, hypertension, and diabetes (Table 2) . Multivariate logistic models that used the dependent variable of admission had low discriminatory ability to predict which patient got admitted (c-statistic = 0.55, data not shown). Patients who were admitted were much more likely than those who were not admitted to undergo any neuroimaging of the brain (91% vs. 78%), MRI scans (59% vs. 16%), carotid artery imaging (52% vs. 38%), or echocardiogram (46% vs. 22%, all p-values<0.01 in Table 2 ).
In the unadjusted main analyses (group 1 versus group 2a), the group that stayed overnight just missed having a significantly higher risk of the one-year composite outcome (15.3% versus 13.2%, p=0.06, Table 2 ). The sensitivity analyses that restricted the patients who stayed overnight to those with a discharge diagnosis of TIA or stroke (group 1 versus group 2b) or TIA (group 1 versus group 2c) also did not show that the admitted group had fewer occurrences in the composite outcome compared to the group not admitted (Table 2) . In multivariate analyses, predictors of the composite outcome included older age, history of atrial fibrillation, and prior history of stroke, but not admission (odds ratio (OR) 1.12, 95% confidence interval (CI) [0.92-1.36]; Table 3 ). In the sensitivity analyses that restricted the admission group to either discharge diagnoses of stroke and TIA or TIA alone, admission remained unassociated with the composite outcomes ( Table 3) .
The propensity score analysis had similar results. Among the original 1505 patients who were not admitted at time of index TIA, 656 (44%) had an exact match of propensity scores, an additional 672 (45%) had matches within one standard deviation, leaving 177 (12%) without a match within one standard deviation. Therefore, the matched analyses consisted of 1328 pairs of patients with a match within one standard deviation. As expected when groups are matched by propensity score, there were no longer any significant differences in baseline characteristics (Table 4) . Patients who were admitted remained more likely to get a diagnostic workup, similar to the original results ( Further sensitivity analyses that incorporated a 30 or 90 day outcome instead of 365 day outcome, and used outcomes of either stroke or death instead of the composite outcome showed no differences from the main results.
Discussion
Although our initial objective was to compare outcomes between a group of TIA patients who were and were not admitted, we believe that the most important finding of this study is that among patients who were admitted, less than half are subsequently discharged from the hospital with that diagnosis. It is reasonable to believe that a considerable proportion in the non-admitted group may not retain the diagnosis of TIA either had they undergone further examination and testing. In fact, only 16% of the non-admitted patients underwent an MRI scan. Without methods of primary data collection that occur in cohort studies to confirm the diagnosis of TIA, we are concerned that secondary data collection methods are subject to biases regarding the certainty of the diagnosis of TIA.
Our findings are similar to a study conducted at a tertiary hospital serving the South Western Sydney Area Health Service. Among 570 patients who were assigned a diagnosis of TIA and subsequently admitted, only about half retained a diagnosis of TIA according to hospital discharge codes or by expert review; about a quarter had a diagnosis of stroke, and the remaining quarter had a diagnosis other than stroke or TIA. 21 We only performed chart reviews at three hospitals instead of the entire sample, so we can only speculate why the diagnosis of TIA in the emergency department is different from the discharge diagnosis. Typically, physicians assign the diagnosis in the emergency department, whereas coders assign the diagnosis of the hospital stay after reviewing the entire medical record. In addition, making a definitive diagnosis of TIA is difficult, and there is frequent disagreement, even among experts. [22] [23] [24] One study suggested that routine use of MRI scans among patients with a diagnosis of TIA would change the diagnosis to stroke in about onethird of cases. 25 If MRIs are obtained, they are typically performed in the hospital setting and not in the emergency department setting. It is important to note that episodes that do not qualify as TIAs, such as "transient neurological attacks" or "transient ischemic attack mimics", may still confer an elevated risk of stroke, 26 though it is not as high as for patients with transient ischemic attacks. 27 The median admission proportion of 58% in our study is similar to concurrent data using nationally representative samples of emergency departments in the United States: the 2006-2008 National Emergency Department Sample 9 showed that 64% of patients presenting with TIA were admitted and the 2003-2008 National Hospital Ambulatory Medical Care Survey 12 showed that 62% of patients presenting with TIA were admitted (Table 5 ). Unique to our study is that we can report the proportion admitted at the hospital level. Even though all hospitals belong to the same integrated health care system which mitigates financial barriers to care, we found considerable variation in the proportion of TIA patients admitted by hospital.
We did uncover one other study based in Sydney that also analyzed whether admission had an impact on outcomes, and they did find benefit at 28 days among the group that was admitted, though there was no difference in outcomes at subsequent endpoints. 14 Most of the other similar studies focused on predictors of admission and did not collect data beyond the time of hospital discharge.
Limitations
We believe that there are two explanations that explain why admission did not yield better outcomes. While we did not find improvements in outcomes among patients hospitalized with TIA, we did identify one other study that did a similar comparison, and contrary to our study, they found benefit at 28 days among the group that was admitted. 14 That study was conducted among six hospitals in the Sydney area, and we do not know why the results in these two studies differed. While the simplest explanation in our study is that the care delivered during admission was ineffective to prevent vascular events or that care delivered to patients not admitted was effective to prevent vascular events, we believe that two other explanations are more likely. One explanation is that the group not admitted contains a greater considerable proportion of patients without a true TIA, and thus had a lower risk of vascular events than the admitted group. A second explanation is that patients who are admitted have more severe clinical symptoms or prognosis than we measured in our clinical variables.. We performed multivariate analyses and propensity score matching, but such methods cannot fully compensate for missing clinical variables. Only studies that use chart reviews can obtain the clinical information to overcome this omitted variable bias.
There are several additional limitations of the study to highlight. The VHA databases do not provide information on non-VHA care and events. We cannot identify Veterans who drop out of VHA care altogether, although a comparison of Medicare databases indicate that many Veterans use both VHA and non-VHA services. 28 However, mortality ascertainment is expected to be complete, even when the death occurs outside VHA, 19 and we did not find differences in mortality. We did not have access to the results of diagnostic testing; thus, we could not determine if appropriate follow-up action was taken. Studies of the Veteran population may not be fully generalizable because of the predominantly male population with particular socioeconomic characteristics. 29 In particular, our sample has access to the primary care system within VHA, but that may be more for patients belonging to more fragmented health care systems. To this point, the study that reported the lowest proportion of admission was based in an integrated health care system, where physicians may be more certain that patients sent home from the emergency department could obtain diagnostic tests as an outpatient. 30
Conclusions
We found considerable variation in the proportion of TIA patients admitted by hospital in this integrated healthcare system. Among patients who were assigned a diagnosis of TIA in the emergency department and admitted, less than half were discharged from the hospital with a diagnosis of TIA. Although persons with TIA who were admitted were more likely to receive a timely diagnostic workup, we could not detect improvements in one-year outcomes. While we could not identify improvements in outcomes among the admitted group compared to the group not admitted, we also conclude that evaluating care for patients with TIA is limited by lack of primary data collection on the certainty of diagnosis, especially among those not admitted. 
